Introduction
The formation of social preferences in young precocial birds was described by LORENZ (1935 LORENZ ( , 1937 , who termed it 'imprinting'.
Most of the research concerned with filial imprinting has used visual objects as imprinting stimuli (cf. BATESON, 1966; SLUCKIN, 1972; BOLHUIS, subm.) .
However, it has long been suggested that auditory stimulation plays an important role in the establishment of filial attachments (SPa,LDtNC, 1873; GOTTLIEB, 1963; FISCHER, 1966) . For instance, a visual object that emits sound is followed more than a silent object (COLLIAS & COLLIAS, 1956; SMITH & BIRD, 1963; PORTER & STETTNER, 1968) . In addition, several studies have shown that young birds acquire a preference for a particular sound when it has been presented together with a visual stimulus (RAMSAY, 1951; EVANS, 1972; COWAN, 1974a; KENT, 1987) . However, the majority of studies concerned with early auditory learning did not use an experimental design which minimized the confounding influence of variables such as visual and social experience. Most investigations used birds reared in groups and in the light (e.g. EVANS, 1972; COWAN, 1974a; MAIER & SCHEICH, 1983; G6TTLIEB, 1988) . Fur-1) These experiments were performed in the Department of Zoology, University of Cambridge. We are grateful to Gabriel HORN, Jerry HOGAN, Jaap KRUIJT, Gerrit de Vos, and Grant McLENNAN for valuable discussions and to them and Sara SHETTLEWORTH for their comments on the manuscript. We also wish to thank Barrie FULLER, Mary BRAD-FORD, and John KENT for their help. Financial support was provided by the SERC, the Research Fund of the University of Groningen, and the Dr J. L. DOBBERKE Foundation for Comparative Psychology (Amsterdam). thermore, some of these studies did not use a balanced design; that is, animals were trained with only one auditory stimulus, that may have been more attractive to naive birds than the alternative sound presented during testing (e.g. FISCHER, 1966; PORTER & STETTNER, 1968) . In some of the experiments the retention interval between training and testing was very short, often less than 5 min (EVANS & MATTSON, 1972; COWAN, 1974a The present study investigated auditory learning during filial imprinting in chicks (Gallus gallus domesticus), using a design employed frequently in visual imprinting studies (cf. HORN, 1985) . The chicks were reared in darkness and maintained in isolation, in order to minimize visual and social experience.
Artificial as well as naturalistic auditory stimuli were used. Furthermore, a balanced design was used, and a retention interval of 2 h. Finally, the influence of the presence of a visual stimulus during training on subsequent auditory preferences was investigated.
Experiment la
In this experiment the occurrence of auditory imprinting was investigated using artificial auditory stimuli.
The influence of the presence of a visual stimulus during auditory training on subsequent auditory preference was also examined.
Method.
Subjects.
The subjects were 57 domestic chicks (Ross I), from 2 different batches of eggs. They were hatched in a dark incubator, kept at 37-40°C. Within 6-9 h of hatching, the chicks were transferred to individual compartments in a holder incubator maintained at 32-34°C. The birds were kept in darkness throughout the experiment, except when 'primed' (see below), trained or tested, or when handled in dim green light. Previous research has shown that green is one of the least effective colours for imprinting in chicks (KOVACH, 1 97 1 ).
Apparatus. During training and testing, chicks were placed in running wheels situated at the front of a cabinet (75 x 90 x 120 cm), illuminated by a white overhead light (5 W). Each cabinet contained 3 running wheels, and was maintained at 29-31°C (For detailed description of procedures, see Bot.HUts & JoHNSOrr, 1991) . The auditory stimuli were played
